Background/Aims: Several miRNAs have been reported to be involved in the pathogenesis of polycystic ovarian syndrome (PCOS). However, the biological roles of miR-16 and its molecular mechanisms in PCOS development remain to be elucidated. Methods: qRT-PCR was performed to detect the expression levels of miR-16 and programmed cell death protein 4 (PDCD4). GCs proliferation, cell cycle distribution and apoptosis were examined by MTT assay and flow cytometry analysis. Luciferase reporter assay and RIP assay were applied to confirm the regulatory relationship between miR-16 and PDCD4. Western blot was applied to measure the protein levels of PDCD4, PCNA and caspase-3. ELISA kits were used to determine the serum levels of steroids. Results: miR-16 expression was down-regulated in ovarian cortex tissues and serums of PCOS patients. PDCD4 expression was up-regulated in ovarian cortex tissues of PCOS patients. miR-16 overexpression facilitated cell proliferation, induced cell cycle progression, and inhibited apoptosis in GCs. Moreover, PDCD4 was a direct target of miR-16. Also, enforced expression of PDCD4 abated the effects of miR-16 on GCs growth and apoptosis. Additionally, testosterone resulted in a decrease of miR-16 expression and an increase of PDCD4 expression, thus blocking cell growth and enhanced apoptosis in GCs. Furthermore, miR-16 overexpression alleviated PCOS in vivo by regulating PDCD4. Conclusions: miR-16 promoted ovarian GCs proliferation and inhibited apoptosis through directly targeting PDCD4 in PCOS, contributing to a better understanding of the molecular mechanism of GCs dysregulation and providing a promising target in PCOS.
MicroRNA-16 Promotes Ovarian Granulosa Cell Proliferation and Suppresses Apoptosis

Introduction
Polycystic ovary syndrome (PCOS) is a common heterogeneous endocrine disorder and metabolic disturbance among female individuals, with an estimated incidence of 7%-9% or menstrual cycle by follicular puncture into PBS. GCs from PCOS patients were named as p-GCs and GCs from healthy controls were named as h-GCs. Cells were cultured in six-well plates (1 ´ 10 6 cells/well) using DMEM/F12 medium (HyClone, Logan, UT, USA) supplemented with 2 mM L-glutamine (Sigma-Aldrich, St. Louis, MO, USA), 10% fetal bovine serum (FBS; Gibco, Carlsbad, CA, USA) and 1% antibiotics (100 U/ml penicillin and 100 μg/ml streptomycin; Sigma-Aldrich) at 37°C with 5% CO 2 . GCs (2 × 10 5 per well) were seeded in 6-well plates and treated with testosterone at the concentration of 0, 0.1, 10 nM for indicated times to examine the effects of testosterone on the expressions of miR-16 and PDCD4, cell proliferation, cell cycle and apoptosis in GCs.
RNA extraction and quantitative real-time PCR (qRT-PCR)
Whole blood samples were collected from the antecubital area of women during an early follicular phase of a spontaneous menstrual cycle. Total RNA was isolated from ovarian cortex tissues, whole blood samples or GCs using Trizol Reagent (Invitrogen) according to the manufacturer's instructions. The first strand of cDNAs for miR-16 and PDCD4 mRNA was synthesized using the Taqman Advanced microRNA reverse-transcription kit (Applied Biosystems Inc., Foster City, CA, USA) or PrimeScript RT Reagent Kit (TaKaRa, Tokyo, Japan), respectively. The expression levels of miR-16 and PDCD4 mRNA were detected by TaqMan Universal PCR Master Mix 2X (Applied Biosystems) and the SYBR Premix Ex Taq (TaKaRa) on a 7500 Fast Real-Time PCR system (Applied Biosystems), respectively. Small nuclear U6 RNA and GAPDH were used as the internal control of miRNA and mRNA. The primer sequences for amplification were as below: miR-16 forward, 5'-TAGCAGCACGTAAATATTGGCG-3', reverse, 5'-TGCGTGTCGTGGAGTC-3'; U6 forward, 5'-GCTTCGGCAGCACATATACTAAAAT-3', reverse, 5'-CGCTTCACGAATTTGCGTGTCAT-3'; PDCD4 forward, 5'-TGGATTAACTGTGCCAACCA-3', reverse 5'-TCTCAAATGCCCTTTCATCC-3'; GAPDH forward 5'-TATGATGATATCAAGAGGGTAGT-3', reverse 5'-TGTATCCAAACTCATTGTCATAC-3'.
Cell transfection miR-16 mimics (miR-16) and corresponding scrambled control (miR-control), miR-16 inhibitor (antimiR-16) and corresponding scrambled control (anti-miR-control), siRNA against PDCD4 (si-PDCD4) and its scrambled control (si-control) were purchased from GenePharma Co. Ltd. (Shanghai, China). PDCD4 cDNA inserts were obtained by qRT-PCR and PDCD4-overexpression vector was achieved by cloning PDCD4 sequence into the HindIII and BamHI restriction sites of pcDNA empty vector (Promega Corp., Madison, WI, USA), named as pcDNA-PDCD4. GCs were seeded into 24-well plates at a density of 2 × 10 5 per well one day before transfection. To manipulate the expressions of miR-16 or PDCD4, GCs were transfected with miRNA mimics, miRNA inhibitors, plasmids or siRNAs using Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA, USA). Cells were collected 48 h posttransfection for further analysis.
Lentivirus construction, virus packaging, titration and infection
The required oligonucleotide fragments of miR-16 or anti-miR-16 expression vectors were synthesized by PCR and inserted into ScaI and XhoI restriction sites of eukaryotic expression vector pEGFP-C3 vector (BD Biosciences, San Jose, CA, USA) to construct pEGFP-C3-miR-16 and pEGFP-C3-anti-miR-16, which was confirmed by sequence analysis. The pEGFP-C3 vectors containing the corresponding miR-control or antimiR-control scrambled sequences were used as the controls. pEGFP-C3-miR-16 and pEGFP-C3-anti-miR-16 and pLL3.7 were digested using NheI and EcoRI enzymes, ligated and transformed into Top10 to construct lentiviral vectors pLL3.7-miRNA-16 and pLL3.7-anti-miR-16, which was confirmed by XhoI digestion. These constructed lentivirus plasmids were cotransfected into 293T cells together with the plasmids pHelper1.0 and pHelper 2.0 (GenePharma Co. Ltd.) that contain the elements required for virus packaging, using Lipofectamine 2000 (Invitrogen). The culture supernatants containing lentivirus were collected and concentrated by ultracentrifugation, and the viral titer determination was performed by double dilution method. P-GCs were incubated with culture medium overnight and the culture medium was replaced with viral supernatant at an appropriate titer (1.5 mL/well) on the day of injection. After 48 h, the infected cells were subjected to screening with puromycin for 7 days to obtain the stable lentivirus-transfected cells.
Western blot
Total proteins were extracted from ovarian cortex tissues and cultured GCs by modified radioimmunoprecipitation assay (RIPA) buffer (Thermo Scientific, Rockford, IL, USA 
MTT assay
Cell proliferation was examined by MTT assay according to the reported method [19] . GCs were plated in 96-well plates (Corning Costar Co., Corning, NY, USA) at a concentration of 4, 000 cells/well and transfected with indicated oligonucleotides or plasmids. At 24 h, 48 h, 72 h post-transfection, 20 μl of MTT (5 mg/ml) was added to each well and incubated for another 4 h. The supernatants were then discarded by centrifugation (1, 000 × g, 5 min, room temperature) and 100 μl of dimethyl sulfoxide (DMSO) was added to each well to dissolve the formazan product. Absorbance at a wavelength of 490 nm was measured using an ELx808 plate reader (BioTek Instruments, Inc., Winooski, VT, USA).
Luciferase reporter assay
The full-length of 3'UTR PDCD4 containing the predicted wild-type or mutated miR-16 binding sites were amplified by PCR and cloned into the downstream of the firefly luciferase reporter gene in pMIR (Ambion, Austin, TX, USA) vectors to generate recombinant vectors PDCD4-wt and PDCD4-mut. The constructed luciferase reporter plasmids PDCD4-wt or PDCD4-mut were cotransfected with miR-16 or miRcontrol into p-GCs, or cotransfected with anti-miR-16 or anti-miR-control into h-GCs using Lipofectamine 2000 reagent (Invitrogen). At 48 h after transfection, the luciferase activity was determined using the Dual-Luciferase Reporter Assay system (Promega). The Renilla luciferase activity was regarded as the normalization.
Flow cytometry analysis
GCs transfected with indicated oligonucleotides or plasmids were seeded into 6-well plates and cultured for 48 h. For cell cycle analysis, the cells were harvested by trypsinization, washed 3 times with PBS buffer and fixed with 75% ethanol at -20°C overnight. Then the fixed cells were incubated with 0.5 µg/ml RNase A (Thermo Fisher Scientific Inc., Wilmington, MA, USA) and 100 µg/ml propidium iodide (PI) for 30 min. For apoptosis analysis, the apoptotic cells were detected with an Annexin V-fluorescein isothiocyanate/ propidium iodide apoptosis detection kit (Abcam, Cambridge, MA, USA). Both cell cycle and apoptosis were analyzed using the FACScan flow cytometry system (Becton Dickinson, San Jose, CA, USA) equipped with CellQuest software (Becton Dickinson, Mountain View, CA, USA).
RNA binding protein immunoprecipitation (RIP) assay
RIP was performed using the EZ-Magna RIP kit (Millipore). Briefly, GCs at 80-90% confluency were lysed in complete RIP lysis buffer. The whole cell extract (100 μl) was incubated with RIP buffer containing magnetic beads conjugated with human anti-Argonaute2 (anti-Ago2) antibody (Abcam) or normal mouse IgG (Millipore). IgG was used as a negative control. Then, the samples were incubated with proteinase K for 20 min at 55°C to digest the proteins. Finally, the co-precipitated RNAs were isolated and subjected to qRT-PCR analysis.
Animals and experimental protocols
The animal protocols were performed in accordance with the criteria for the Care and Use of Laboratory Animals and approved by the Ethics Committee of Zhujiang Hospital of Southern Medical University. 84 female Wistar rats (90 days old, weighing 160 ± 20 g) (Harlan, Udine, Italy) were kept in a standard specific pathogen-free environment with desired temperature of 20-24°C in an alternating 12-h light/dark cycles and fed with free access to food and water. Rats were divided into 5 group including sham group, control PCOS and 4 experimental PCOS groups. The rats in PCOS group were administrated with letrozole (dissolved in carboxymethyl cellulose) at the dose of 1 mg/kg for 23 days. The rats in sham group were administered with the equivalent amount of carboxymethyl cellulose for 23 days. The rats in experimental PCOS groups received subcutaneous injection of 1 × 10 7 p-GCs cells stably transfected with lenti-miR-16, lenti-miR-control, lenti-anti-miR-16, or lenti-anti-miR-control into the left flanks for 5 weeks, followed by letrozole administration. At 5 weeks after inoculation, the mice were killed and freshly dissected ovaries were subjected to qRT-PCR and western blot.
Measurement of blood levels of steroids
After 10 h of fasting, blood samples were collected in sterile bottles. The serum samples were separated by centrifugation at 6, 000 rpm for five min and stored at -20°C prior to analysis. The serum levels of folliclestimulating hormone (FSH), luteinizing hormone (LH), estradiol (E 2 ), and testosterone were measured using the commercial Enzyme-Linked Immunosorbent Assay (ELISA) Kits (Yanhui, Shanghai, China).
Statistical analysis
Results of experiments were presented as mean ± standard deviation (SD) from at least three repeated experiments. The statistical analyses were performed using SPSS 17.0 (IBM, Armonk, NY, USA). The differences between groups were calculated using one-way ANOVA or Student's t-test. Differences were considered statistically significant at P < 0.05.
Results
miR-16 level was down-regulated in PCOS patients
The expression of miR-16 in ovarian cortex tissues and serum of women with or without PCOS was firstly examined by qRT-PCR. As compared with healthy controls, miR-16 level was significantly lowered in both ovarian cortex tissues (Fig. 1A) and serum (Fig. 1B) of PCOS patients. The clinical characteristics of PCOS patients and healthy controls are shown in Table 1 .
PDCD4 expression was up-regulated in ovarian cortex tissues of PCOS patients
We further explored the protein level of PDCD4 in ovarian cortex tissues of women with or without PCOS. As shown in Fig. 2A and 2B , an obvious increase of PDCD4 level was observed in ovarian cortex tissues of PCOS patients compared with that in healthy controls, as demonstrated by western blot.
miR-16 overexpression stimulated cell growth and decreased apoptosis in p-GCs
In view of the aberrant expression of miR-16 in ovarian cortex tissues and serum of PCOS patients, we then supposed 
that miR-16 may be involved in the pathogenesis of PCOS. To confirm the hypothesis, we successfully established miR-16-overexpressing p-GCs by transfecting with miR-16 mimics (Fig. 3A) , and miR-16-downregulated h-GCs by introducing with anti-miR-16 (Fig. 3E) . MTT assay was applied to determine the impact of miR-16 overexpression or downregulation on GCs proliferation. The results showed that forced expression of miR-16 triggered a marked promotion of cell proliferation compared to miR-control group in p-GCs (Fig. 3B) , while miR-16 knockdown led to a significant suppression of cell proliferation compared with antimiR-control group in h-GCs (Fig. 3F) . Next, we analyzed the effects of miR-16 on cell cycle distribution and apoptosis by flow cytometry in p-GCs and h-GCs. As illustrated in Fig. 3C , miR-16 restoration in p-GCs resulted in a significant decrease of cell populations at G0-G1 phase and an obvious elevation of cell proportion at S phase, compared with control group. However, miR-16 down-regulation in h-GCs increased the percentage of cells at G0-G1 phase, while reduced the distribution of cells at S stage (Fig. 3G) . Meanwhile, a remarkable decline of apoptosis was observed in miR-16-overexpressing p-GCs relative to miR-control group (Fig. 3D) , while a dramatic rise of apoptosis was found in miR-16-downregulated h-GCs versus anti-miR-control group (Fig. 3H) . Collectively, miR-16 overexpression contributed to proliferation and inhibited apoptosis in p-GCs. 
PDCD4 was a direct target of miR-16 in p-GCs and h-GCs
Previous studies have demonstrated that PDCD4 was a target of miR-16 in atherosclerosis and miR-16 targeted PDCD4 to suppress the activation of inflammatory macrophages [20] . Thus, we further explored whether PDCD4 was a putative target of miR-16 in p-GCs and h-GCs. Bioinformatics prediction based on TargetScan displayed that there existed a binding sequence of miR-16 in the 3'UTR of PDCD4 (Fig. 4A) . The luciferase activity of reporter with wild-type 3'UTR was exceptionally suppressed in miR-16-transfected (Fig. 4B ) p-GCs but was significantly promoted in anti-miR-16-transfected h-GCs (Fig. 4F) , while no obvious change in the luciferase activity of reporters with mutant 3'UTR of PDCD4 was observed in miR-16-transfected p-GCs and anti-miR-16-transfected h-GCs. It is well established that miRNAs directly bind to the mRNA molecules by forming miRNA ribonucleoprotein complexes (miRNPs) with Ago2, the key component of the RNA-induced silencing complex (RISC), resulting in translational repression and/or mRNA degradation [21, 22] . To further verify the direct interaction between miR-16 and PDCD4, we tested miR-16-mediated binding of RISC to PDCD4 mRNA using RIP assay with antibody against Ago2. The expression levels of miR-16 and PDCD4 mRNA were detected by qRT-PCR. As expected, expressions of miR-16 and PDCD4 mRNA were both significantly enriched in Ago2 complexes purified from both p-GCs (Fig. 4C ) and h-GCs (Fig. 4G) versus negative control group, suggesting the endogenous binding between miR-16 and PDCD4. As demonstrated by qRT-PCR and western blot, transfection with miR-16 mimics evidently repressed the expression of PDCD4 at mRNA (Fig. 4D ) and protein levels (Fig. 4E ) in p-GCs. On the contrary, introduction with anti-miR-16 elicited a prominent increase of PDCD4 expression at mRNA (Fig. 4H ) and protein levels (Fig.  4I) in h-GCs. Together, these results indicated that miR-16 directly down-regulated PDCD4 expression by binding to its 3'UTR. 
PDCD4 overexpression abated the effect of miR-16 on cell proliferation and apoptosis in p-GCs
To explore whether PDCD4 was involved in the biological roles of miR-16 in p-GCs and h-GCs, miR-16-overexpressing p-GCs were transfected with pcDNA-PDCD4 and miR-16-downregulated h-GCs were introduced with si-PDCD4. As demonstrated by MTT assay, cell proliferation was obviously improved in miR-16-transfected p-GCs, while PDCD4 overexpression remarkedly attenuated the proliferation promotion induced by miR-16 overexpression (Fig. 5A) . In contrast, PDCD4 knockdown partially reversed the inhibitory effect of anti-miR-16 on the proliferation ability in h-GCs (Fig. 5D ). In addition, miR-16-induced cell cycle progression was partly abrogated by overexpression of PDCD4 in p-GCs (Fig.  5B) . On the contrary, cell cycle arrest triggered by anti-miR-16 was undermined by PDCD4 knockdown (Fig. 5E) . Furthermore, miR-16-overexpressing p-GCs presented a remarkable reduction in the percentage of apoptotic cells relative to miR-control group, while this effect was greatly counteracted following PDCD4 overexpression (Fig. 5C) . Conversely, PDCD4 knockdown dramatically mitigated the promotive effect of anti-miR-16 on the apoptosis of h-GCs (Fig. 5F ). All these results suggested that miR-16 overexpression boosted cell growth and diminished apoptosis by targeting PDCD4 in p-GCs.
Testosterone down-regulated miR-16, blocked cell growth and induced apoptosis in p-GCs
Since PCOS is frequently characterized by hyperandrogenemia [23] , we supposed that the expression difference of miR-16 in our findings was induced by the increase of testosterone. We firstly explored the effect of testosterone on the expression level of miR-16 and PDCD4 by qRT-PCR or western blot in p-GCs treated with 0.1 nM or 10 nM testosterone for 24 h. miR-16 expression was gradually decreased (Fig. 6A) , and PDCD4 expression at mRNA and protein level was progressively improved (Fig. 6B and 6C ) along with the increase of testosterone concentration compared with the control group. Moreover, we found that high concentration of testosterone (10 nM) remarkably suppressed cell proliferation (Fig.   Fig. 5 . miR-16 overexpression accelerated cell proliferation and decreased apoptosis by targeting PDCD4 in p-GCs. p-GCs were transfected with miR-control, miR-16, miR-16+Vector, or miR16+pcDNA-PDCD4, while h-GCs were introduced with antimiR-control, anti-miR-16, antimiR-16+si-control, or anti-miRcontrol+si-PDCD4. MTT assay was performed to determine cell viability at 24 h, 48 h, and 72 h in transfected p-GCs (A) and h-GCs (D). Cell cycle distribution was detected by flow cytometry in transfected p-GCs (B) and h-GCs (E). The apoptotic rate in transfected p-GCs (C) and h-GCs (F) was examined by flow cytometry. *P<0.05. 
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) and induced cell cycle arrest at G0-G1 phase (Fig. 6E ) in p-GCs. Moreover, the apoptotic rate of p-GCs was significantly enhanced after testosterone treatment (Fig. 6F) . Therefore, these findings demonstrated that testosterone inhibited cell growth and promoted apoptosis possibly by down-regulating miR-16 and up-regulating PDCD4.
miR-16 overexpression ameliorated PCOS in vivo by regulating PDCD4
To confirm the biological role and molecular mechanism of miR-16 in PCOS in vivo, we established an animal model of PCOS by treating rats with letrozole. The serum levels of FSH, LH, E 2 , and testosterone were measured using ELISA. As shown in Fig. 7A-D , the serum levels of FSH, LH, and testosterone were significantly higher, while E2 level was dramatically lower in PCOS group than that in sham group, suggesting the successful establishment of PCOS model. The mice were killed after 5 weeks of inoculation and freshly dissected ovaries were subjected to qRT-PCR and western blot. As expected, miR-16 expression was remarkably increased in lenti-miR-16-injected group and was notably decreased in lenti-anti-miR-16- injected group compared with matched controls (Fig. 7E) . In contrast, PDCD4 mRNA and protein expressions were obviously reduced in lenti-miR-16-injected group and dramatically enhanced in lenti-anti-miR-16-injected group ( Fig. 7F and 7G ). Additionally, western blot analysis disclosed that ectopic expression of miR-16 in p-GCs led to an obvious increase of PCNA protein level and an apparent decrease of caspase-3 level, while miR-16 downregulation elicited the opposite effects in the animal model of PCOS (Fig. 7G) , suggesting that miR-16 overexpression promoted p-GCs cell growth and inhibited apoptosis in PCOS in vivo. Furthermore, ELISA results revealed that enforced expression of miR-16 in p-GCs restrained the serum levels of FSH (Fig. 7H) , LH (Fig. 7I) , and testosterone (Fig. 7K ), and elevated E 2 level (Fig. 7J ) in PCOS in vivo compared with that in lenti-miR-control-injected group. However, miR-16 inhibition exerted the contrary effects on the serum levels of FSH, LH, E 2 and testosterone ( Fig. 7H-7K ). Together, these data suggested that miR-16 overexpression alleviated PCOS in vivo by targeting PDCD4.
Discussion
During the development of ovarian follicular, degenerative atresia happened in over 99% of the follicles, and only a few follicles are able to ovulate. Apoptosis of GCs have been demonstrated to be involved in follicular atresia [24] . Increasing evidence suggests many miRNAs participate in the proliferation, apoptosis and differentiation of GCs in the ovary [25] and are involved in the pathological progression of PCOS [26] . For instance, miR-320, transactivated by miR-383, was up-regulated in GCs and follicular fluid of PCOS patients, and miR-320 overexpression suppressed GC production and steroid production by regulating transcriptional factor E2F1 and steroidogenic factor 1 (SF-1) [27] . miR-92a was down-regulated in atretic porcine follicles, and ectopic expression of miR-92a suppressed GC apoptosis through modulating Smad7 gene [28] . In contrast, miR-145 expression was reported to be decreased in human p-GCs, and miR-145 mimics hindered cell proliferation and induced apoptosis by inhibiting insulin receptor substrate 1 (IRS1) expression [29] . Increased expression of miR-93 was demonstrated to promote GC proliferation and cell cycle progression by targeting cyclin dependent kinase inhibitor 1A (CDKN1A) in PCOS [30] . This study was designed to explore the functions and possible molecular basis of miR-16 in GCs dysfunction in PCOS.
miR-16 was previously disclosed to be down-regulated in PCOS patients likely to suffer from severe ovarian hyperstimulation syndrome (OHSS) [17] . Similarly, our results manifested that miR-16 expression was lowered in the ovarian cortex tissues and serum of PCOS patients. Functional experiments further demonstrated that overexpression of miR-16 mimics facilitated cell proliferation, promoted cell cycle progression and inhibited apoptosis in p-GCs, while miR-16 knockdown blocked cell proliferation, induced cell cycle arrest and enhanced apoptosis in h-GCs. Furthermore, in vivo experiments demonstrated that miR-16 overexpression alleviated PCOS and miR-16 down-regulation aggravated PCOS in vivo. Consistently, miR-16 was previously reported to be up-regulated in renal cell carcinom, and acted as an oncogene in RCC by inducing cellular proliferation, migration and reducing apoptosis [31] . However, enforced expression of miR-16 impaired cell proliferation and promoted apoptosis in lung adenocarcinoma [32] , esophageal squamous cell carcinoma [33] and breast cancer [34] , suggesting that miR-16 may exert different functions in various diseases.
PDCD4, located on chromosome 10q24, was initially identified as an up-regulated gene during apoptosis [35] . PDCD4 is widely recognized as a protein translation suppressor by binding to the translation initiation factor eIF4A, inhibiting its RNA-helicase activity [36, 37] . PDCD4 has been discovered to be involved in some metabolic diseases. PDCD4 deficiency protected mice against diet-induced obesity, adipose tissue inflammation, and insulin resistance, suggesting that PDCD4 may be a potential target for the treatment of obesityassociated diseases [38] . More importantly, PDCD4 was highly expressed in PCOS patients, and knockdown of PDCD4 significantly suppressed apoptosis of GCs in women with PCOS [39] . In accordance with these previous studies, our study found that PDCD4 expression was up-regulated in the ovarian cortex tissues of PCOS patients. Moreover, PDCD4 was validated to be a direct target of miR-16 [20] , and miR-16 inhibited PDCD4 expression in p-GCs in vivo and in vitro. Furthermore, PDCD4 overexpression abolished miR-16-induced proliferation promotion, cell cycle progression, and apoptosis inhibition in p-GCs, while PDCD4 knockdown attenuated anti-miR-16-triggered proliferation inhibition, cell cycle arrest and apoptosis promotion in h-GCs. Of note, PCOS is characterized by hyperandrogenism, which leads to PCO morphology and ovulatory dysfunction in women with PCOS [40] . Hyperandrogenism, a fundamental factor in the pathogenesis of PCOS, increases the level of androgen [41] . Our study demonstrated that testosterone inhibited cell growth and enhanced apoptosis possibly by repressing miR-16 and elevating PDCD4.
In conclusion, our study demonstrated that miR-16 level was decreased and PDCD4 expression was increased in PCOS patients. Mechanistic analysis elucidated that exogenous expression of miR-16 accelerated cell proliferation, promoted cell cycle progression and decreased apoptosis by targeting PDCD4 in p-GCs. Furthermore, we found that testosterone induced miR-16 down-regulation and suppressed p-GCs growth. These results contributed to a deep understanding of the molecular mechanism of GCs dysregulation in PCOS, suggesting that miR-16 may be a potential useful target for improving GCs dysfunction in PCOS.
Abbreviations
PCOS; polycystic (ovarian syndrome); p-GCs; granulosa (cells from PCOS patients); h-GCs; granulosa (cells from healthy controls); GCs; granulosa (cells); T2DM; type (2 diabetes mellitus); 3'UTR; 3' (untranslated regions); PDCD4; programmed (cell death protein 4); SDS-PAGE; sodium (dodecyl sulfate polyacrylamide gel electrophoresis); RIPA; radioimmunoprecipitation (assay); PVDF; polyvinylidene (difluoride); DMSO; dimethyl (sulfoxide); RISC; RNA-induced (silencing complex); SF-1; steroidogenic factor (1); CDKN1A; cyclin (dependent kinase inhibitor 1A); IRS1; insulin (receptor substrate 1).
